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© A power supply control apparatus of an induc- 
tance load which makes power supply' control such 
that a power supply current having a specified 
waveform is supplied to an armature coil during the 
high-speed revolution of a motor. Since a large in- 
ductance load needs a long time for the accumula- 
tion and discharge of magnetic energy, a chopper 
circuit is used for making power supply control with 
high response. The present invention serves to make 
power supply control of an inductance load with a 
low impressed voltage but with better response by 
use of reverse blocking diodes (6, 6a) and a capaci- 
tor (5). having a small capacitance. 
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Technical Field 

The present invention relates to a current sup- 
ply control apparatus for an inductance load, which 
is used to control the energizing current of an 
armature coil of an electric motor with an output of 
about 30 W or more for a specified waveform when 
the motor is rotating at high speed. 

Background Art 

In current control for an electromagnet of a 
magnetic bearing, it is difficult drastically to change 
energizing current for floating a rotor, since the 
inductance of the exciting coil of the bearing is 
high. 

In order to ensure good responsiveness of a 
chopper circuit for the energizing current of an 
inductance load, the supply voltage is increased 
correspondingly if the inductance load is great, so 
that the rise of the energizing current is quickened, 
and accumulated magnetic energy attributable to 
the inductance is returned to the power supply. By 
doing this, the fall of the energizing current is 
quickened to improve the responsiveness, whereby 
the energizing current is controlled. 

Disclosure of the Invention 

There are means for increasing the supply 
voltage which are used to ensure high-speed re- 
sponse of the energizing current of a great induc- 
. tance load by means of a chopper circuit. For 
higher responsiveness, however, the supply voltage 
is inevitably increased to an unpractically high lev- 
el. 

In the case of an induction motor of 500-W 
output or a reluctance-type electric motor, for ex- 
ample, a voltage five to ten times as high as the 
necessary applied voltage for the driving torque is 
needed to obtain a pulse width of several micro- 
seconds or thereabout for the chopper control of 
the armature current supply, which is not practical. 

Accordingly, the object of the present invention 
is to provide a current supply control apparatus for 
an inductance load, capable of effecting current 
supply control of the inductance load can be 
achieved with satisfactory responsiveness despite 
the use of a low applied voltage. 

The present invention provides a current sup- 
ply control circuit for an inductance load, which 
comprises: first and second semiconductor switch- 
ing elements connected across an inductance load; 
a dc power source for supplying power to the 
inductance load through the first and second semi- 
conductor switching elements; a first diode reverse- 
ly connected to a series junction of the first semi- 
conductor switching element and the inductance 



load; a second diode reversely connected to a 
series junction of the second semiconductor 
switching element and the inductance load; a cur- 
rent sensing circuit for detecting an energizing cur- 
5 rent for the inductance load, thereby obtaining a 
detected voltage; a reference voltage including a 
set voltage with an optional waveform; a third diode 
for back flow prevention forwardly inserted on the 
side of tho dc power source for supplying power to 
10 the inductance load; a small-capacity capacitor 
connected in parallel with a series junction of the 
first and second semiconductor switching ele- 
ments, the inductance load, and the current sens- 
ing circuit; and a chopper circuit adapted to render 
15 the first and second semiconductor switching ele- 
ments nonconducting so that accumulated mag- 
netic energy in the inductance load is prevented 
from flowing into the plus terminal of the dc power 
source by means of the third diode for back flow 
20 prevention when the reference voltage is exceeded 
by the detected voltage from the current sensing 
circuit, to convert the accumulated magnetic en- 
ergy into electrostatic energy of the small-capacity 
capacitor by means of the first and second diodes, 
25 thereby causing the energizing current to fall rap- 
idly, and to cause the first and second semicon- 
ductor switching elements to conduct when the 
energizing current is lowered to a predetermined 
value, whereby the rise of the energizing current is 
30 quickened by means of a high voltage of the small- 
capacity capacitor. 

According to the present invention, when an 
exciting current of an inductance load 1 (voltage 
drop in a resistor 9) in Fig. 1(a) exceeds a refer- 
as ence voltage (voltage at a terminal 12), the output 
of an operational amplifier 11 goes low, and is 
dissipated through an amplifier circuit 7, so that 
transistors 3a and 3b are rendered nonconducting. 
Although accumulated magnetic energy in the 
40 load 1 is urged to return to a plus power supply 
terminal 2a by diodes 4a and 4b, it is prevented 
from doing so by a diode 6, and charges a capaci- 
tor 5. 

Since the capacity of the capacitor 5 is small, 
45 the voltage increases, and the exciting current falls 
rapidly. When the exciting current is lowered to a 
predetermined value, the output of the operational 
amplifier 11 returns to the high level due to its 
hysteretic property, 
so Thus, the transistors 3a and 3b conduct, so 

that the exciting current rapidly increases due to a 
high voltage of the capacitor 5, and then further 
increases due to the supply voltage. 

A chopper circuit is formed such that the tran- 
55 sistors 3a and 3b become nonconducting again 
when the exciting current exceeds the reference 
voltage. 

The smaller the capacity of the capacitor 5, the 
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higher the chopper frequency can be. Therefore, 
the supply voltage can be a voltage corresponding 
to the energizing current value of the inductance 
load 1 , so that there is no need of such a high 
voltage as the conventional means require. s 

Thus, the present invention has the following 
effect. 

Since a great inductance load requires much 
time for the accumulation and discharge of mag- 
netic energy, some conventional means utilize a io 
chopper circuit which increases the applied voltage 
to effect high-response current supply control. 
Practically, however, the responsiveness has its 
limit. 

According to the present invention, there is an 75 
effect that the current supply control of the induc- 
tance load can be achieved with higher responsive- 
ness despite the use of a lower applied voitage. 

Brief Description of the Drawings 20 
Figs. 1(a) and~?(b)~"are electric circuit diagrams 
showing an embodiment of an apparatus ac- 
cording to the present invention; and 
Fig. 2 is a time chart showing electrical signals 
for various parts of the circuits of Figs. 1(a) and 25 
1(b). 

Best Mode of Carrying Out the Invention 

An embodiment of the present invention will 
now be described with reference to the drawings. 30 

Figs. 1(a) and 1(b) are electric circuit diagrams 
showing one embodiment of the present invention. 

An [ inductance load .1, is one armature coil of an 
electric Trtotor-or an exciting coil of a magnetic 
bearing, for example. The magnetic core of the coil 35 
is not illustrated. 

Transistors 3a and 3b -are connected across 
the load 1, and diodes 4a and 4b are reversely 
connected to the individual transistors 3a and 3b 
and the load 1 . 40 

An exciting current (or an armature current) is 
detected as a voltage drop in a resistor 9, and is 
rectified by means of an absolute value circuit 
(rectifier circuit) 10, whose output is connected to a 
minus terminal of an operational amplifier 11. An 45 
input at a plus terminal serves as a reference 
voltage of a terminal 12: 

An example of the reference voltage is repre- 
sented by a curve 14 in the time chart of Fig. 2. 

The load 1 is supplied with power from dc 56 
power terminals 2a and 2b through a forwardly 
connected diode 6. 

When the reference voltage represented by the 
curve 14 is applied to the input of the operational 
amplifier 11, the output of the operational amplifier 55 
11 goes high, and is amplified by means of an 
amplifier circuit 7, and the transistor 3a is caused 
to conduct by means of an inverter circuit. At the 



same time, the transistor 3b is caused to conduct. 

Accordingly, the load 1 is energized, and the 
exciting current rises, as indicated by a broken-line 
curve 15 in Fig. 2, so that current supply starts. 

If the voltage drop (proportional to the exciting 
current) in the resistor 9 exceeds the voltage, at the 
plus terminal of the operational amplifier 11, the 
output of the operational amplifier 11 goes low, so 
that the transistors 3a and 3b become nonconduc- 
ting. 

According to the conventional means, great 
magnetic energy accumulated in the load 1 is 
returned to the side of the plus power supply 
terminal 2a to be dissipated. According to an ap- 
paratus of the present invention, however, the 
aforesaid return current is prevented by means of 
the diode 6 for back flow prevention, so that a 
capacitor 5 is charged to high "voltage. 

Thus, the current drops rapidly. When the cur- 
rent falls by *a predetermined value, the output of 
the operational amplifier 1 1 returns to the high level 
due to its hysteretic property. 

Accordingly, the transistors 3a and 3b conduct, 
and the exciting current is caused to rise rapidly by 
the charging voltage of the capacitor 5. When the 
output of the absolute value circuit 10 increases to 
the voltage of the curve 1 4, the transistors 3a and 
3b become nonconducting again. Thus, a chopper 
. circuit is formed which repeats this cycle, and the 
curve 15 indicative of the exciting current of the 
load 1 is proportional to the curve 14 (reference 
voltage). 

A current-curve at the-bott om illust rates -the 
aforesaid chopper effect onFy 'with respect to the 
region near a broken line 16, in a temporally en- 
larged manner. 

A broken line 14a enlargedly represents an 
exciting current proportional to the reference volt- 
age 14. Curves 15a, 15b, • • • represent actual 
pulsating flows in the load 1. 

When the transistors 3a and 3b conduct, the 
current rises, as indicated by the curve 15a. In 
doing this, the current rapidly rises due to a high « 
voltage attributable to electrostatic energy accu- 
mulated in the capacitor 5. 

When the current rises to the level of the 
broken line 14a, the transistors 3a and 3b become 
nonconducting, so that the current falls, as in- 
dicated by the curve 15b. At this time, the mag- 
netic energy accumulated in the load 1 charges the 
capacitor 5 to high voltage, so that the fall is rapid. 

As this cycle is repeated, the exciting current 
varies with its upper limit value on the curve 14a. . 
The time duration of each of the curves 15a, 15b, * 
• • varies depending on the capacity of the ca- 
pacitor 5. More specifically, the smaller the capac- 
ity, the shorter the time duration will be. 

These circumstances can be also guessed 
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from the fact that the resonance frequency in- 
creases in proportion to the decrease of the capac- 
ity of the capacitor 5, since the load 1 and the 
capacitor 5 resemble a parallel resonance circuit in 
character. 

Only the current corresponding to a Joulo loss 
caused by the resistance of the load 1 is supplied 
from a dc power source at the last stage of the 
leading edge of the current. 

According to the conventional means, the rise 
of the current is hastened by increasing the dc 
supply voltage to quicken the accumulation of the 
magnetic energy, and the fall is hastened by re- 
turning the accumulated magnetic energy to the 
power source. 

Thus, the applied voltage becomes high, and 
the chopper frequency (time duration of the curves 
15a, 15b, • • • )cannot be lowered without limit. 

When the length of an arrow 8 of a reference 
voltage curve 14 becomes as short as about 100 { i 
sec, therefore, a response to the illustrated irregu- 
larity of the curve 14 cannot be obtained with a 
small time constant. 

According to the apparatus of the present in- 
vention, a high-speed response can be obtained by 
reducing the capacity of the capacitor 5 although 
the applied voltage is lowered. 

An actual measurement revealed that the 
length of each of the curves 15a, 15b, • * * is 0.5 
it sec with use of the applied dc voltage of 100 V 
when the exciting coil of the magnetic pole of a 
reluctance-type electric motor with an output of 
*- about 300 Wis subjected to current supply control. 
In this case, the capacity of the capacitor 5 is 0.1 /* 
f. 

Thus, the exciting current can enjoy high-re- 
sponse current supply control even with use of a 
great inductance load, so that a rotating body can 
be magnetically floated with higher accuracy by 
effecting the current supply control of the exciting 
coil of the magnetic bearing. 

The aforementioned responsiveness can be 
further improved by using high-speed switching 
elements, such as IGBTs, in place of the transistors 
3a and 3b. 

If the curve 14 of Fig. 2 is a sine curve, the 
means of the present invention can be utilized for 
an inverter, so that a high-speed induction machine 
can be obtained which can operate at high speed 
with less vibration. 

Although the diode 6 is inserted on the side of 
the plus power supply terminal 2a in Fig. 1(a), the 
present invention may be also effected if the diode 
is forwardly inserted in the position indicated by a 
broken line 6a on the side of the minus power 
supply terminal 2b. 

In the embodiment of Fig. 1(b), the chopper 
circuit is modified. In Fig. 1(b), if the exciting cur- 



rent increases so that the voltage drop in the 
resistor 9 exceeds the voltage (curve 14 of Fig. 2) 
of the reference voltage terminal 12, the output of 
the operational amplifier 1 1 goes high. 

5 A differential pulse at the leading edge of this 

output is obtained by means of a differential circuit 
11a. Since the differential pulse energizes a mon- 
ostable circuit 13, an electrical pulse with a pre- 
determined time duration can be obtained. 

10 This electrical pulse is inverted in an inverter 

circuit 1 3a, and energizes the transistors 3a and 3b 
to make them nonconducting. 

The aforesaid time duration of the electrical 
pulse is made equal to the length of each of the 

75 curves 15b, 15d, • • - of Fig. 2. 

This time duration of the electrical pulse is 
determined corresponding to the capacity of the 
capacitor 5, and a chopper circuit with required 
responsiveness can be constructed, thus constitut- 

20 ing another means for effecting the present inven- 
tion. 

Industrial Availability 

25 The present invention is used to control the 

energizing current of an armature coil of an electric 
motor with an output of about 30 W or more for a 
specified waveform when the motor is rotating at 
high speed. 

30 

Claims 

1. A current supply control circuit for an induc- 
tance load, comprising: 
35 first and second semiconductor switching 

elements connected across an inductance 
load; 

a dc power source for supplying power to 
said inductance load through said first and 
40 second semiconductor switching elements; 

a first diode reversely connected to a se- 
ries junction of said first semiconductor switch- 
ing element and said inductance load; 

a second diode reversely connected to a 
45 series junction of said second semiconductor 

switching element and said inductance load; 

a current sensing circuit for detecting an 
energizing current for said inductance load, 
thereby obtaining a detected voltage; 
so a reference voltage including a set voltage 

with an optional waveform; 

a third diode for back flow prevention for- 
wardly inserted on the side of said dc power 
source for supplying power to said inductance 
55 load; 

a small-capacity capacitor connected in 
parallel with a series junction of said first and 
second semiconductor switching elements, 



EP 0 443 032 A1 



said inductance load, and said current sensing 
circuit; and 

a chopper circuit adapted to render said 
first and second semiconductor switching ele- 
ments nonconducting so that accumulated s 
magnetic energy in said inductance load is 
prevented from flowing into the plus terminal of 
said dc power source by means of the third 
diode for back flow prevention when said refer- 
ence voltage is exceeded by the detected volt- 10 
age from said current sensing circuit, to con- 
vert said accumulated magnetic energy into 
electrostatic energy of said small-capacity ca- 
pacitor by means of said first and second 
diodes, thereby causing said energizing cur- 75 
rent to fall rapidly, and to cause said first and 
second semiconductor switching elements to 
conduct when said energizing current is lower- 
ed to a predetermined value, whereby the rise 
of said energizing current is quickened by 20 
means of a high voltage of said small-capacity 
capacitor. 
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